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Attentional dyslexia is a reading deficit in whitgtters migrate between neighboring words,
but are correctly identified and keep their cornestative position within the word. Thus, for
example,fig tree can be read afsg free or eventie free This study reports on 10 Hebrew-
speaking individuals with developmental attentiomiislexia and explores in detail the
characteristics of their between-word errors. Epatfticipant read 2,290 words, presented in
word pairs: 845 horizontally presented word pe2@) vertically presented word pairs, and 60
nonword pairs. The main results are that almostairations preserve the relative position of
the migrating letter within the word, indicatingatithe between-word position can be impaired
while the within-word position encoding remainsaictt This result is also supported by the
finding that the participants did not make manyeleiposition errors within words. Further
analyses indicated that more errors occur in lomgads, that most migrations occur in final
letters (which are the leftmost letters in Hebreaw)d that letters migrate both horizontally and
vertically, and more frequently from the first toetsecond word in horizontal presentation.
More migrations occurred when the result of migmnativas an existing word. Similarity within
word pairs did not increase error rates, and mdggations occurred when the words shared
fewer lettersThe between-word errors included migration of gelebetween words, intrusion
of a letter from one word to the corresponding fasiin the neighboring word without erasing
the original letter in the same position, and omis®f one instance of a letter that appeared in
the same position in the two words (these omissioade up a considerable percentage of the
between-word errors).

1. Introduction
“I never do homework because | can’t even openettemoks. All the letters are jumping in
my face,” complained TA, one of the participantghirs study. Her reading of texts and even
of word pairs was severely disrupted, and her neanor type was migration of letters
between words. However, when we suggested thatestiewith a word-sized window cut in
a cardboard page, her mother called us, surpriese@port that she found TA reading at her
leisure. Reading each word separately almost cdslpleliminated TA’s reading errors.
This phenomenon of letters that are identified ectty but are not tied to the correct word is
known as “attentional dyslexia.” This article reggothe first detailed study of the types of
errors and the word dimensions that affected thding of individuals with developmental
attentional dyslexia.

Attentional dyslexia is a type of peripheral dyséexthat is, a dyslexia that results from a
deficit in the early stage of orthographic-visuaabysis. The visual analyzer has three distinct
functions: it identifies the abstract identity efters, it encodes their position within the word,
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and, when more than a single word is read, itthbet@ttentional window that allows attention
to be allocated to a single word (Coltheart, 19Blis, 1993; Ellis et al., 1987; Ellis and
Young, 1988; Friedmann and Gvion, 2001; Humphreysd.e1990; Peressotti and Grainger,
1995).

A deficit in each of these functions causes a hffie type of peripheral dyslexia, with
different characteristics. A deficit in letter idéy encoding results in letter substitutions and
omissions (as is the case in visual dyslexia, Guetwl Ellis, 1999; Lambon-Ralph and Ellis,
1997; Marshall and Newcombe, 1973) or in agnosialdtiers and some types of neglect
dyslexia. A deficit in the encoding of relative teat order within words results in
transpositions of letters within the word, suchreadingtired for tried andcasualfor causal
(Friedmann and Gvion, 2001, 2005; Friedmann anddeddHanna, in press; Friedmann and
Rahamim, 2007). A deficit in letter-to-word bindirgttentional dyslexia, which is the focus
of this study--results in migrations of lettersweeen words (Davis and Coltheart, 2002; Hall
et al., 2001; Humphreys and Mayall, 2001; Mayalt adumphreys, 2002; Saffran and
Coslett, 1996; Shallice and Warrington, 1977; Weyton et al., 1993).

These functions of the orthographic-visual analyzer be selectively impaired, without
impairment to the other functions. Thus, in lepesition dyslexia, the letters do not keep
their original position within the word, but theyeadentified correctly and are placed in the
correct word (Friedmann and Gvion, 2001, 2005; dfmann and Rahamim, 2007). Letter
identification errors can occur without letter fmsi errors, in visual dyslexia for example
(Biran et al., 2003). In attentional dyslexia, éest migrate between words, whereas the
letters’ identity and their relative position withithe word are retained (Shallice and
Warrington, 1977).

Shallice and Warrington (1977) were the first tpam a type of acquired dyslexia that
results from a deficit in selective attention, whigas later termedttentional dyslexiaThey
reported on two individuals who could read singlerds accurately, but whose reading
became substantially disrupted in the context bkowords or letters, even with no time
limit. Their most common error type was migrationletters from surrounding words. For
example, when they were presented with the wordvpiai fed the letterf from the second
word migrated to the first word, and they readwoed pair adin fed An important feature
of such errors is that the migrating letters shostrang tendency to preserve their original
within-word position in the word they intrude intdhus, a letter migrates primarily to a
corresponding position in the neighboring word,spreing its within-word position. This

pattern was reported for additional individualshaétcquired attentional dyslexia (Hall et al.,
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2001; Mayall and Humphreys, 2002; Price and Humyhr&993; Saffran and Coslett, 1996;
Warrington et al., 1993). Shallice and Warringtd®47) also reported a related error type,
intrusions, in which the migrating letter is addedthe target word rather than replacing a
letter in the target word. For example, when thedyzairbed woowas presented, the letiér
from the first word intruded into the second waadd the word pair was redgd wood

Shallice and Warrington suggested that the oridgithe migrations was another word
presented simultaneously in the visual field orthapword that was presented previously.
These migrations are believed to be caused by iaitdéfat prevents focusing attention on
one item in the context of another item or itemisalice, 1988) and by an inability to narrow
the attentional window leading to failure to sugsrextraneous information (see Saffran and
Coslett, 1996 for discussion). This difficulty makie much harder to filter irrelevant letters
that appear in the display.

Several characteristics of acquired attentionaledya have been discovered beside letter
position preservation. Mayall and Humphreys (20@orted that the left word in a word
pair (in English, the first word) was more vulndeato migration errors than the right word;
that is, more letters migrated from the word préseéon the right to the word presented on
the left than vice versa. Saffran and Coslett (J9866nd that migration errors were more
frequent in low-frequency target words and in nordgo A difficulty in reading nonwords
was also reported by Hall et al. (2001). Saffrad &oslett reported, in addition, that almost
no migration errors occurred when the target waid was nonmigratable (namely, when no
between-word migration created an existing wordhsas the paitown stoy.

A similar (or, at least, phenotypically similar) ggfomenon of migration between words
was found in normal skilled readers, in readingdibons of limited exposure time (Allport,
1977; McClelland and Mozer, 1986; Mozer, 1983; ftmland McGill, 1978; Shetreet and
Friedmann, 2009; Treisman and Souther, 1986). AlI{®77) was not primarily concerned
with migration errors, but revealed that brieflepented arrays of unrelated words result in a
large number of recombinations of letters from aléint words. Shallice and McGill (1978)
replicated Allport’s findings and showed that lettaigrations occurred more frequently
when the original words shared letters. Mozer (19880 presented pairs of words on a
screen for brief exposure times and asked skikediers to report only one word, according
to a cue displayed after the words were presehtedound that the brief exposure produced
between-word migration errors, similar to those ttfmaracterize attentional dyslexia. Mozer
(1983) also found that there were more incident&opying” a letter from one word to the

other fed win— fed fin) than incidents of “exchanging” letters betweerrdgofed win—
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wed fig and that more migrations occurred between wohads$ shared letters (similarity
effect). Both Mozer (1983) and Humphreys et al.9@9reported that more migrations
occurred from left to right (namely, from the finstord to the second one, as they tested
English). Humphreys et al. (1990) also reported tiha first letter in a word tends to migrate
less than the other letters, suggesting enhanoduhg of first letters (Shalev et al., 2008).
McClelland and Mozer (1986) found that the lexigalof the target stimuli and of the
migration result affects between-word migrations, raore migrations occurred between
nonwords than between words, especially when theome was a real word. The same type
of lexical effect was also reported by Treisman Sodther (1986).

Not much is known about attentional dyslexia in disvelopmental form. The only
previously documented case of developmental atteatidyslexia was reported by Rayner et
al. (1989), who described an individual who reatgls words better than text, and whose
reading improved significantly when he used a 713%detter-sized window while reading.
However, Rayner et al. only reported data on repdipeed. The types of errors made in
developmental attentional dyslexia, the charadtesisof these errors, and the factors that
affect reading in developmental attentional dysleatie yet to be systematically explored.

In the current study, we explore the nature of tigweental attentional dyslexia. We start
by presenting the participants with developmenti@ngional dyslexia and demonstrating the
existence of developmental attentional dyslexia. Wen describe the types and rates of
various between-word errors in the participantadiag. We next explore the characteristics
of their reading and compare them with those kndvem the literature on acquired

attentional dyslexia and on normal reading in beigfosure conditions

2. Participants
2.1. Initial screening
To select individuals with developmental attentiodgslexia for this study, we tested the
reading of individuals with developmental readingodders. They had difficulties with
reading, were identified as having learning disaéd and reading difficulties, or were
suspected to have such deficits. However, the exaate of their reading difficulties and the
type of dyslexia had not been identified, and thesre referred to our lab by special
education teachers, by speech therapists, or nypgheents for further diagnosis.

For the initial assessment and identification afividuals with developmental attentional
dyslexia, we used the TILTAN test battery (Friedmaand Gvion, 2003), which was
developed to identify subtypes of dyslexia. Theeening part of the TILTAN uses oral
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reading of 128 single words, 30 word pairs, anché0word pairs. The word and nonword
pairs are constructed such that between-word ngigtcreate other existing words, to
enable the detection of between-word migrationsl Bence, of attentional dyslexia. The
word list includes words of various types that cameal the different types of dyslexia:

irregular words, homophones, and potentiophdrfes,identifying surface dyslexia; words

(and nonwords) that can be read as other wordselgyecting one side of the word, for

identifying neglect dyslexia; words with many orginaphic neighbors, for identifying visual

dyslexia; abstract words and function words , @antifying deep dyslexia; morphologically

complex words, for identifying deep dyslexia antesttypes of dyslexia; and migratable
words (and nonwords), for identifying letter pasitidyslexia. The nonwords are included for
identifying phonological and deep dyslexia, as waslharious peripheral dyslexias.

For each individual, we analyzed the types of erroade in oral reading. We included in
the study only individuals who made between-wordration errors on more than 20% of the
word pairs in the screening task (unimpaired readeake fewer than 3% errors of this type
in the TILTAN screening test). Each of the partaips with attentional dyslexia also made
significantly more between-word migrations than doatrol group, as verified by Crawford
and Howell’s (1998j-test.

2.2. Selected participants’ profile

Using this procedure, we selected 10 participarite made a high rate of migration errors
between words. They were 9 children and adolese@aydd 10;0-15;0 and one adult aged 62,
4 females and 6 males. Table 1 presents backgriodimgnation on the participants. In all
cases, the dyslexia was developmental: 9 of thiécjgemts had no history of brain lesion,
neurological disease, or loss of consciousnesshadl a different history; he reported a
developmental dyslexia that involved “letters jungpbetween words,” and he later sustained
a left frontal infarct (4 months before the currenidy). This brain area is not known to cause
peripheral dyslexias, and NI reported that thekstrdid not affect his reading; hence, it is
likely that the attentional dyslexia was developtaéim his case too. Two of the participants,
TA and IF, were diagnosed with attentional disosdaior to the study and were not treated

with methylphenidate at the time of testing. One tbé participants, YO, also had

! We use the terrpotentiophonesor pairs of words that are written differentlydasound different, but when
read aloud via the grapheme-to-phoneme conversiate reach can be substituted for the other. A agiev
example in English is the wombw, which when read via the sublexical route mighubered aso or knows
(Friedmann and Lukov, 2008).



Developmental attentional dyslexia

developmental graphemic buffelysgraphia (for details on his writing pattern, &&sechini
and Friedmann, 2009).

Table 1 - Background information on the participants with attentional dyslexia

Participant Age Grade Gender Classtype Additional details

YA 10;6 5 female regular

TA 12;6 6 female regular diagnosed with ADD

IF 11;3 5 male regular diagnosed with ADHD

NI 62;5 = male = left frontal infarct

IT 10;0 4 male regular

YO 15;0 9 male regular has graphemic buffer dysgraphia;
receives corrective teaching

AV 10;1 4 male regular

TW 10;6 4 female regular receives corrective teaching

GY 10;7 4 male regular

NO 11,6 6 female regular

The results of the TILTAN screening test (summatiae Table 2) for these participants
indicated that they all had a considerable rateetdveen-word migrations (in 20% to 37% of
the word pairs). Most of them also made errors thdicate reading via the grapheme-to-
phoneme conversion route rather than via the leximate, that is, surface dyslexia-like
errors. Grapheme-to-phoneme conversion readingpieal of developmental dyslexia of
various types (and has also been reported for dpnedntal letter position dyslexia,
Friedmann and Rahamim, 2007, and for developmeeglect dyslexia, neglexia, Friedmann
and Nachman-Katz, 2004). These errors result, Wevee from avoidance of reading — our
participants expressed frustration with and despikéi of any activity that involved reading,
and refrained from it as much as they could. Timsurn, hinders the establishment of an
orthographic input lexicon and forces reading Wia sublexical route. The tendency to read
via the sublexical route is frequently the mostabtg difference between the acquired and
developmental manifestations of the same dyslexiquired peripheral dyslexias are usually
free of errors that result from reading via thelsuigal route, but developmental peripheral
dyslexias are frequently accompanied by such efsms Friedmann and Gvion, 2002). The
lack of words in the orthographic input lexicondspecially problematic in Hebrew, and
becomes very evident in reading Hebrew: no Hebrewdwan be read unambiguously solely
on the basis of grapheme-to-phoneme conversiomausec of the underspecification of
vowels and stress, and the ambiguity in conversmmphonemes of most of the letters.
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Because these errors are not at the core of develogal attentional dyslexia, but rather
result from lack of practice with reading, in thaldwing analyses we disregarded these
errors, so that when a word was read by grapherpbdaeme conversion but without any
between-word error, we counted it as correct.

No errors typical of deep dyslexia (semantic or photogical errors) or phonological
dyslexia (morphological or voicing errors, see Gvand Friedmann, in press) were detected.
The patrticipants’ reading of nonwords also indidateat none of them had phonological or
deep dyslexia, as the main type of error in theading of nonwords was between-word
errors, which occurred in 8%—87% of the nonwordsh &n average of 35% (between-word
errors were all errors that resulted from a lettera neighboring word, including letter
migrations, letter insertions, and letter deletjoas will be described in detail in 4.1). In
Section 4.2 we will analyze the participants’ lep@sition errors and show that within-word
migrations occurred significantly less frequenthyan between-word migrations; in section
4.4, we will analyze the participants’ letter idénterrors (substitutions, omissions, and
additions) in detail, and show that their ident#grors mostly result from the attentional

deficit in reading.

Table 2 — Percentage of errors of the various types in the screening reading test

Participant  Between-word migration  Surface dyslexia Voicing errors Semantic errors
YA 33 22 - -
TA 28 34 - -
IF 23 29 - -
NI 37 5 - -
IT 20 13 - -
YO 37 22 1 -
AV 23 10 - -
TW 20 16 - -
GY 33 25 - -
NO 33 16 1 -
Control 3 4 - -

The control group included 10 participants withoed&ding or language disabilities and
without any known neurological impairment. They w@rgirls and 3 boys, aged 9;10-10;10,
who attended the™grade.
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3. General method

Material

To assess the rates and types of errors individuils developmental attentional dyslexia
make, and to explore the properties of stimuli ta#fect their reading, we asked the
participants to read aloud 725 word pairs, preseme 1l booklets. These 725 pairs included
24 types of word pairs (30 each of 23 types andf3ine other type). Each of the 24 types is
presented and exemplified in Table 3. Each pagé¢hefbooklets included two words,
presented side by side, with a single keyboardespatween them. The words were printed
in font David 14. The words ranged in frequencyssin 1 and 455 occurrences per million,
with an average of 44.5 (frequencies taken fromstFemd Plaut, 2005), and the different
conditions were balanced with respect to frequertbgre was no significant difference
between the frequencies of the 3-, 4-, and 5-letteds, between the frequencies of the word
pairs of same and different lengths, or between ftequencies of the migratable and
nonmigratable word pairsp(> .50 for each of these comparisons). There was aso
significant difference between the frequenciesh# keft-hand and right-hand members of
each word pairg = .22).

To allow testing for length effect, the list inckaithree-, four-, and five-letter word pairs.
There were 150 three-letter word pairs, 300 fotteteword pairs, and 150 five-letter word
pairs.All of these word pairs wermigratable (i.e., a migration between the words in each
pair could create other existing words) and inctuderds of the same length. To allow
comparison of word pairs that share one or tweelgtin various positions in the various
lengths, these word pairs were constructed as shote first 20 lines in Table 3.

Thirty additional 4-letter word pairs were constae so that intrusion would create
existing words, to allow the detection iatrusions that is, errors in which a letter from the
neighboring word intrudes and is added next tolékter that is in the same position in the
target word (e.g., when the lettefrom the second word ifight light intrudes into the first
word, the result iflight light), andelbowingerrors, in which the intrusion as described above
also causes the final letter to be omitted (e.gemthe lettea from the first wordn late left
intrudes into the second word and elbows out thal fiettert, the result idate leaj. The 30
word pairs for this assessment were pairs in whaitimtrusion or elbowing error would yield

an existing word.



Table 3 - Types of word pairs in the 725 word pair list, 30 pairs of each type were presented
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Target pair Possible migration
Different letter Hebrew Transliteration Translation Hebrew Transliteration Translation
3 letters 1 qlo I kof sof monkey end qlo qlo sof sof end end
2 np Ny Kmh Knh  woke-up bought nnp Ny knh kmh bought woke-up
3 WA nv2 gSm gSr rain bridge DW2 DWA gSm gSm rain rain
1,3 227 |an mgn dgl shield flag AT '72an mgl dgn sickle cereal
2,3 727w r?S rgl noise leg V1 wan rgs rl emotion poison
4 letters 1 NINS NINN mtox ptox  stretched open NINS NINOS ptox ptox open open
2 N7 NTY Ildh irdh girl descended N1 N irdh ildh descended girl
3 nom n'r'n milh miTh word bed noM nom  miTh miTh bed bed
4 Jann nann mxbt mxbr pan connects nann ann - mxbr mxbt connects pan
1,2 D7 D' glim krim waves cold D'77 DA grim klim live light
1,3 anin 191y Q0pr xomr dear material 191N NIy 20mr xopr sheaf digs
1,4 D71y N7IN xolh 20lm ill world n7In N7y 20lh xolm ascend dreams
2,3 NoIN NPYN  m2Kh mnsh railing tries noyNn NN mnkh m?sh  cleans massages
2,4 miv n'y Simn Somr oiled keeps MY NIY - Somn Simr  grease preserved
3,4 DA 7712 gozl gorm chick cause D7IA 7N gorl gozm fate prunes
5 letters 1 NN'20 NN'an mgirh sgirh  drawer closure N1'an N0 sgirh mgirh closure drawer
3 200N 720N trgil trmil  exercise satchel ~ 7'2an 7nn trmil trgil satchel exercise
5 [I9'0 {719'0 sipok sipon satisfaction deck |I9'0 [I9'0  sipon sipon deck deck
1,5 219'7 NI9'V Tipox kipol fostering fold 719'0 N9 kipox Tipol discrimination
treatment
3,5 'wn1 07N nmlim nmSiK  ants continue 1'Ma 0'wnl nmSim nmliK  freckles crown
Intrusion/Elbowing nann Xy kora mxbt reads pan nann X - kora mxbrt reads notebook
Different length migratable1 TV 7IN xok Sd law demon 7Y 7In xok Sk law sack
Same length migratable 2Iv N7N xlh Sob got-sick again 2w 2N xlb Sob milk again
no shared letter
Same length nonmigratable  21mn 7120 sgol xtol purple cat -

There were 35 words of this type

To test whether between-word migrations presenree wviithin-word relative or linear

position, we included 30 additional word pairs, le@air consisting of words that differ in

length, for which both a linear-position-preservimgigration and a relative-position-

preserving migration yield a real word. For exampbe the word paime ball a migration

9
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that preserves the relative (final) position of teder e yields me bale and a migration
preserving its linear (second) position yietds bell

To explore whether more errors occur between wofdfie same length than between
words of different lengths, the list also includ#@ migratable word pairs whose words were
the same length and 30 migratable word pairs whases differed in length. The words in
each of these word pairs shared no common leffarenty-five of the different-length pairs
were used for the linear/relative analysis.

To assess the effect of lexicality of response han drror rate--namely, whether more
errors occur when the between-word migration yieddseal word than when it yields a
nonword--we included 30 four-letter nonmigratablerevpairs that differed in two letters, for
which none of the migrations could yield an exigtwiord (“same length nonmigratable” in
Table 3).These words were compared with the 180 four-lettigratable word pairs that also

differed in two letters.

These 725 word pairs were the basis for all théyaaa below (Sections 4.1-4.12). For
the comparison of horizontal and vertical migrasiam Section 4.7, we added 240 vertically
presented pairs, separated by 1, 3, or 10 spawgd,2® horizontally presented pairs in which
the words in each pair were separated by 3 or 40esp for the analysis of nonword reading,
we added 60 nonword pairs presented in Section 4rid 4.11. The design of these
additional stimuli is reported in the relevant sats.

Procedure

The participants read the words aloud, all theigesswere recorded fully on a digital
recorder, and the participants’ responses weresdrdoed during the session. After each
session, two or three of the experimenters (thbaas} listened to the recorded responses
again, and transcribed the responses fully. Theemgent between these transcriptions was
very high. Cases of disagreement were settledstgniing again to the recording and using

the notes taken during the session.

Statistical analyses

Within-participant comparisons of performance irotaonditions were conducted using a
chi-square test; comparisons between conditiotiseagjroup level were conducted using the
Wilcoxon signed-rank test (results reported withthe minimum sum of ranks). Crawford
and Howell's (1998) significancetest was used to compare the performance of eattteo
experimental participants with the performancehaf tontrol group. The performance of the

attentional dyslexia group was compared with thdopeance of the control group using the
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Mann-Whitney test. The only parametric test we us@d a linear contrast to assess length
effect at the group level.

4. Experimental investigation
4.1. Establishing the attentional dyslexia of thartigipants and the existence of
developmental attentional dyslexia: error rate ardor types
Thefirst findings of this research are that developtakattentional dyslexia exists and that it
involves migrations of letters between words, gored for adults with acquired attentional
dyslexia. This section assesses the rate and typdmtween-word errors made by the
participants with developmental attentional dysdexi

As Table 4 shows, the average rate of between-ewwais in reading the list of 725 word
pairs (described in Table 3) was 29%. Two of theigipants even made such errors on more
than half of the target pairs. Each of the paréiniig with developmental attentional dyslexia
made significantly more between-word errors thandbntrol group of 4 gradersp < .006.
At the group level, too, the group with developnadattentional dyslexia made significantly
more between-word errors than the control group,100,p < .0001.

Table 4 — Percentage of between-word errors out of the 725 word pairs made by each of the participants with

developmental attentional dyslexia

YA TA IF NI IT YO AV TW GY NO Average Control (SD)

Migration 51 63 44 121 36 132 36 3.2 65 139 7.2 2.2 (0.9)
Buffer migration 33 47 32 54 094 123 17 46 68 74 59 0.2 (0.2)
Omission of doubled letter 4.4 6.5 83 114 21.1 194 23 10.5 103 30.2 124 1.0(0.7)

Intrusion 19 12 20 42 52 65 1739 64 54 38 0.7 (0.5)
Total
between-word errors 14.7 18.7 179 33.1 39.3 514 9.3 22.2 30.0 56.9 29.3 4 (1.6)

The between-word errors were of four types. Tabpgebents the percentages of the various
types of between-word errors per participant. Thst, fbetween-word migratignis the
classic error type reported for attentional dysesubstitution of one letter by a letter from a
neighboring word. For example, if the target woadt fis mild file, a between-word migration
of mfrom the first to the second word would yield theponsenild mile

A second error, which we termduliffer migration, is the same as the classic migration
between words, except that the migrating letter eordtom a word previously presented,

rather than from a word in the visual field. Altlgbuthe previous word is no longer present in

11
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the visual field, it probably still exists in somesual buffer. For example, if the word pair
mild file is presented after the wowdnd was presented, a buffer migration of the letter
from wind would yieldwild file.

A third error type, which turned out to be veryquent, wa®mission of a doubled letter

that is, omission of one instance of a letter Hieared in the same position in both words.

For examplesport spell in whichp appears in the same position in the two words,bean
read assort spellor sport sellif one instance of the doubled letter is omitt€aitting an
instance of a doubled letter is a frequent errah@reading of individuals with letter position
dyslexia, which is characterized by within-word naigons that result from a deficit in the
encoding of letter position within words. In letfgrsition dyslexia, the doubled letter appears
twice in the same word. This omission was explaibgd~riedmann and Rahamim (2007)
using Gottfried Wilhelm Leibniz’'s principle ofdentity of IndiscerniblegLeibniz, 1680-
1684/1969; see also 1714/1898). This principle rd@tees that if two objects have all
properties in common, then they are identical; dgthey are one. To account for the
omission of an instance of a doubled lett&hin a word, if we take letters to be objects, and
position in the word to be a property, when a fetppears twice in a word, the abstract
identity of the two letters does not differ, bueyhdo have different position properties and
therefore we know they are not identical. Howewshen the mechanism of position
encoding within a word is impaired, the reader $ofge only property that distinguishes
between the two letters and therefore might takentko be identical, a single letter, reading
driversasdiversor drives,for example. The same rationale holds for betweerd position
impairment in attentional dyslexia. If a letter apps in the same position in two adjacent
words (such ap in sportandspel), an individual who has problems ascribing a tetibethe
right word would not always know that the lettepagred twice, because the identity of the
letter and its position within the word are ideatjcand the only distinctive feature, its
ascription to a word, is missing. As a result, tie letters might be taken as identical, that is
— as one letter. This in turn might cause one ntdaf the letter to be omitted.

Finally, a fourth, less frequent between-word enm@s intrusion. Intrusion errors are
migrations in which the migrating letter does nob&titute for a letter in the same position,
but is added next to it. For example, intrusionhaf letter from the first to the second word
in the word paireal word would yieldreal world. A subtype of the intrusion error, which
accounted for 10.2% of the intrusions, is éllgowingerror. These errors are intrusion errors
in that a letter adds itself next to an existintjelein the same position rather than replacing

it. However, the elbowing letters intrude more aggively, “pushing,” as it were, the other

12



Developmental attentional dyslexia 13

letters toward the end of the word and causinditia letter to fall off (e.g., if the paiteece
feetis presented, antthe letterl intrudes into the wordeetand elbows out the final lettéyr

the pair will be readleece fleg

4.2. Can between-word migrations occur without imifvord migrations?(In other words,
can attentional dyslexia exist without letter pisitdyslexia’p

Both letter position dyslexia and attentional dyseresult from an orthographic-attentional
deficit, the former at the word level, the lattéradevel above the single word. The errors are
similar: both involve migrations. However, in letjgosition dyslexia these migrations take
place within a word, and in attentional dyslexiaythake place between words. Some articles
that have described individuals with attentionatldyia reported deficits on both the word
and above-word levels (Hall et al.,, 2001; Humphreysd Mayall, 2001; Price and
Humphreys, 1993; Shallice and Warrington, 1977; Ndgton et al., 1993)— when a letter is
surrounded with other letters and when a word isosunded with other words. In the current
study, we test whether the participants with dgwelental attentional dyslexia, who make
between-word migrations, also make within-word raigms, in order to find out whether
attentional dyslexia is possible without similaffidulties at the word level. This analysis,
which encompassed the between-word migrations (ffleenneighboring word or from the
buffer) and within-word migrations that each pap@nt made in reading the 725 word pairs
(described in Table 3), indicated that the groupdenaignificantly more between-word
migrations than within-word migrations, T = i,= .002. At the individual level, 7 of the
participants made significantly more between-woidrations than within-word migrations
(see Table 5; darker cells indicate significantlpren between-word errors than matching
within-word errors).

We compared not only migration errors but also smiss. When we compared
omissions that are between-word errors with ommssitat are within-word errors, again the
pattern of more between word errors emerged. Thepgwith developmental attentional
dyslexia omitted significantly more letters thapepred at the same position in both words
(9%) than letters that appeared twice in the samelW3%), T = O,p = .001. This was
statistically significant for 3 of the participaraad marginally significant for another one.

We also compared the rate of within-word migratitmes participants made with the rate
made by two other groups: individuals with develeptal letter position dyslexia, and
control participants without reading disorders fbagroups reported by Friedmann and

Rahamim, 2007). Each of the participants with dewelental attentional dyslexia made
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significantly fewer middle letter position migrati® within words than the individuals with
letter position dyslexia(10) > 1.81p < .05, and none of the participants made signifigantl
more within-word migrations than the control grot(0) < 1.03p > .33.

As shown in Section 4.5, the distribution of err@asoss positions is also different
between the two dyslexias: whereas in letter pmsitlyslexia the middle letters are most
susceptible to within-word position errors, in attenal dyslexia the final letters are more

susceptible to between-word migrations.

Table 5 — Percentage of between- and within-word migrations

YA TA |IF NI IT YO AV TW GY NO Average
Migration
between words 63 98 55 119 59 182 46 40 133 161 9.6
within words 1.6 1.4 4.0 4.1 4.6 15 16 4.1 33 3.7 3.0
Doubled letter omission
between words 23 48 74 75 179 132 14 82 76 220 9.2
within words 16 31 3.1 2.1 16 16 00 16 4.7 9.4 2.9

4.3. Do between-word migrations preserve withingavposition?

If indeed the participants do not have a deficitha encoding of letter positions within the
word, as indicated by the results of the previcetisn, letters that migrate between words
should keep their original within-word position. &flice and Warrington (1977), in their
pioneering study on attentional dyslexia, discodgletbat letters migrate primarily to
corresponding positions in the other word, presgntheir within-word positions (this was
also found by Price and Humphreys, 1993; Saffrad @oslett, 1996; and Warrington,
Cipolotti, and McNeil, 1993).

4.3.1 Position preservation in same-length pairs

To test whether the between-word errors of theigpants with developmental attentional
dyslexia in the current study also preserve withiord position, we classified their between-
word migrations into migrations that preserve tkaot within-word position and those that
do not. These between-word migrations were takem fthe migratable word pairs of the
same length, 150 three-letter word pairs, 300 fetier word pairs, and 150 five-letter word

pairs.

Results

The results, presented in Table 6, are very cl8d®o of the between-word migrations
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preserve the original within-word position (as siow the rightmost column of the table);

and as a group, the participants with developmeattahtional dyslexia made significantly
more position-preserving errors than non-positicesprving errors in each of the three word
lengths. Each individual participant showed the esam@ndency for position-preserving

between-word migrations, and almost all of thesvidual comparisons were statistically
significant. Notice that the chance rate for positipreserving migration is in fact 1/4,

namely, a letter from one word can migrate to eithvee of four positions in the other word,
only one of which is in the same position. Thus fact that there were actually more
position preserving migrations than non-positioregerving migrations is even more
impressive, with position-preserving migrations weing significantly more frequently than

chancet(9) = 42.52p < .0001.

Table 6 — Percentage of between-word migrations that preserve or do not preserve the within-word position of the

migrating letter. (Percentage of the total number of words presented for each length)

3-letter words 4-letter words 5-letter words % preserving

Participant preserve no X preserve no X preserve no X

YA 7 1 7.64%* 4 0 8.5%** 5 0 7.17** 94%
TA 5 2 2.36 3 0 10.17%** 9 1 11.86%** 85%
IF 4 1 3.66" 3 0 7.5%* 4 0 6.12* 92%
NI 8 0 7.28** 10 1 16.63*** 18 3 11.94%** 90%
IT 3 0 5.08* 3 0 9.14%** 6 0 9.28%** 100%
YO 11 1 15.13%** 10 1 25.88%** 17 1 25.44%** 93%
AV 1 0 2.01 2 0 4.56* 8 0 12.5%** 100%
T™W 3 0 4.05* 4 0 9.51%** 3 0 4.05* 100%
GY 5 1 2.86 7 0 21.76*** 7 0 11.42%** 95%
NO 7 0 11.42%** 16 3 31.51*** 9 1 11.86*** 89%
Average 5.3% 0.6% T=0, p=.002 6.2% 0.6% T=0, p=.002 8.3% 0.4% T=0, p=.002 94%

p<.1, *p<.05, **p <.01, ***p <.001

4.3.2. Do between-word errors preserve relativéireear position?

Whereas it is clear what “same position within therd” means when a letter migrates
between words of the same length, the definitiofisaime position” for words of different
lengths is not trivial. For example, given the wanair be lift, will a position-preserving
migration of the lettee, which is the second but also the final letter ia tinst word, cause it
to migrate according to its linear position (i.ta,the second position) or according to its

position relative to the end of the word (i.e.the final position)? If the position is encoded
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linearly, the result will bée left if it is relative, it will bebe life

The findings of this assessment can shed lighthenway within-word positions are
encoded — whether they are encoded relative textexior letters (the final letter according
to Humphreys et al., 1990, or the first and firedtdrs according to Peressotti and Grainger,
1995, 1999) or encoded according to their lineasitfom, irrespective of their position
relative to the first and final letters.

To assess this question, we created a list of 3@ ywairs that included words of different
lengths (see Table 3); the shorter word in eachwas 2—3 letters long and the longer word
was 3-5 letters long. The final letter of the sbomvord could either migrate to the final
position in the other word and create an existilogdywor migrate to its linear position in the

other word (second or third position) and creadiéfarent existing word.

Results

The total number of final-letter migrations fronmetkhorter word for all the participants was
35. Of these 35 errors, 83% (29 errors) preseryed rélative position, and only 17%
preserved the linear position. This difference wigsificant,y* = 30.23,p < .0001, and this
pattern was significant for 3 of the participantbese results support the notion of relative

letter position encoding.

4.4. Do these errors really come from neighborirayds?

To find out whether the errors that we classifieschatween-word errors — migrations, buffer
migrations, omissions of doubled letters, and &ibns--really do originate in the
neighboring word or whether they instead involved@n letters that simply happen to also
occur in the neighboring word, we compared the oieserate of such errors that could be
explained by a letter from the neighboring wordhwilhe rate expected by chance. We did
this analysis for substitutions (migrations andfé&umigrations), additions (intrusions), and
omissions (omissions of doubled letters). Becaliseetare 22 letters in the Hebrew alphabet,
the expected rate of a letter being replaced bgemiic letter (the letter that exists in the
same position in the other word) would be 1/21 @ose the target letter itself will not cause
an error), namely, less than 5%. This is the exquecrate with which the
substitution/omission/addition of letters that éxisin the same position in the neighboring

word was compared.

16
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4.4.1. Do substitutions really result from migraisofrom the neighboring word?

We classified errors of substitution by a letteatthppears in the same position in the other
presented word as between-word migrations. To ¢a#mely estimate whether these were
indeed between-word migrations or just random swibtisins with a letter that happened to
occupy the same position in the neighboring worel compared the rate of substitutions with
a letter that existed in the other word with thepented rate of 4.76%. We found that
substitutions with a letter from a neighboring wamdthe same position constituted 85% of
the substitutiond,a rate significantly higher than expected by cleagfc= 930.93p < .0001.
This finding indicates that the participants’ sutioision errors indeed resulted from migration
of a letter from the neighboring word and can bented as between-word migrations. The
participants did not make many substitutions thateanot accounted for by their attentional
dyslexia: there were significantly more substitnawvith a letter from the neighboring word
than with a letter that was not in the neighborhdmmth for each individual participant and

for the group, as shown in Tablé 7.

Table 7 — Number of substitutions with a letter that did or did not exist

in the neighboring word

In the Not in the 2
Participant neighboring word neighboring word X
YA 43 4 64.72%**
TA 71 18 63.12%**
IF 32 7 32.05%**
NI 58 12 60.46%**
IT 43 16 24.71%**
YO 129 27 133.38%**
AV 33 5 41.26***
W 29 2 47.03%**
GY 57 10 65.94%**
NO 117 12 170.93***
Total 612 (85%) 113 (15%) T=0, p=.002

*Hkkp < 001

2Here and in all the following tables that inclutlembers per participant and average percentageyérage is
calculated as the average of the percentage pecipant (which is slightly different from the penttage of the
summary because NI read 481 word pairs instea@®f. 7

% Notice, that substitutions with a letter from thier word outnumbered other substitutions evenghan
Hebrew there many options for a substitution wittaadom letter that is not in the other word: eatthe 4-
letter words had around 10 orthographic neighbowgrds that are created by a substitution of alsifegter,
and the 3-letter words even had around 30 neighkach. Against the background of this very dense
orthographic neighborhood in Hebrew, still the gitbSons were predominantly with a letter that epped in
the neighboring word.
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4.4.2. Do buffer migrations really result from magjons from the previous word?

When a letter migrated from a word that was presenight before the target word, but no
longer appeared in the reader’s visual field, weme&l the error auffer migration
suggesting that the substituting letter arrivedrfra previously presented word that had not
yet cleared the buffer. To test whether this wake&d the case, we used the same logic we
used in the previous section for migrations fromaad in the visual field: we compared the
number of migrations (substitutions and additiahs) could be accounted for by migration
from the previously presented word with the ratpested by chance. This analysis included
the substitutions and additions that did not oagtgnin the same position in the neighboring
word (reported in Sections 4.4.1 and 4.4.3); tleeefthe rate expected by chance was 1/20
(rather than 1/21 in the previous analysis, becdbseletter that appeared in the same
position in the other word was not included in tasint).

As another measure of the probability that a mignatwould involve a letter that
happened by chance to exist in the previously ptedeword—that is, as a measure of
random distribution of letters--we compared the hamof migrations that could be
accounted for exclusively by a migration from thlreypously presented word (namely, letters
that existed in the previous word but not in thetveord) with the number of migrations that

could be accounted for exclusively by a letterhia hext word (which has not been presented

yet).

Results
The results of comparing migrations that could cdnoen the previously presented word
with the expected rate of such errors, presentedhén first column of Table 8, were
unequivocal: the migrations indeed came from thlevipusly read word, as indicated by the
high rate of substitutions/additions of a letteattbxisted in the same position in the previous
word, which no longer exists in the visual fielchelTparticipants made 87% such migrations
from the buffer, a rate significantly higher thawe trate expected by changé= 525.17p <
.0001.

The other type of analysis, presented in the rigistneolumns of Table 8, indicated that
significantly more migrations could be explainedlesively as arriving from the previous
word than from the next word, a difference that wigsificant both at the group level and for

each individual participant except AV, who had latieely low migration rate.
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Table 8 — Percentage of migrations that could be accounted for by the previously presented word,

and number of migrations that could be explained exclusively by the previous or the next word

% migrations from Number of migrations exclusively explained by
Participant previous word previous word next word before-after
YA 91% 13 3 8.1%**
TA 100% 16 0 22 1%%*
IF 100% 10 0 12.74%**
NI 100% 8 0 9.45%**
IT 83% 30 15 6.69%*
YO 81% 41 20 10.23%**
AV 81% 5 3 0.67
T™W 83% 17 7 5.83*
GY 100% 9 0 16.36***
NO 81% 10 3 6.35%*
Average 87% 46% 10% T=0, p=.002

*n <.05, **p <.01, ***p <.001

A question that immediately arises concerns the tgp buffer from which the letters
migrate: is it an orthographic or a phonemic bufdmuckily, Hebrew allows a direct
examination of this question. In Hebrew, sever#tels are mapped onto more than one
sound. For example, can be read as /s/ or /shias /f/ or /p/. We thus analyzed the cases in
which these ambi-phoneme letters migrated, andowed that out of 87 such cases, 19 could
only be explained as migration from an orthogragiidfer: they involved migration of a
letter that was pronounced one way in the previgosl, migrated graphemically, and was
pronounced differently in the new word. This metra what migrates is a graphemic, rather

than phonemic, representation of the letter thpeaped in the previous word.

4.4.3. Do intrusions really come from the neighbhgrword?

A very similar rationale holds for evaluating thmusce of intrusions. The comparison of the
rate of additions of a letter that occurred in tigghboring word with the expected rate of
additions of a random letter indicated that therseuwf the intrusions was indeed the
neighboring word: 72% of the additions involveddes that existed in the neighboring word,
a rate significantly higher than the rate expetigghancey? = 578.64p < .0001.

As shown in Table 9, at the group level the nundféntrusions from a neighboring word

was significantly larger than the number of addstets that did not exist in the other word
for the group; it was also significantly larger f8r of the individual participants and

marginally significantly larger for one other.
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Table 9 — The number of intrusions that can and cannot stem from the

neighboring word

From the Not from the
Participant neighboring word neighboring word X
YA 29 1 52.27***
TA 17 6 10.52%**
IF 29 20 3.317
NI 38 17 12.3%**
IT 86 22 75.85%**
YO 98 30 69.14%**
AV 17 5 13.09%**
™ 53 8 66.39%**
GY 39 26 5.2*
NO 33 43 2.63
Total 439 (72%) 178 T=1,p=.002

Ap< .1, *p <.05, ¥**p <.001

4.4.4. Do omissions of doubled letters happen bezawo identical letters occur in the same

position in neighboring words?

We classified the omission of one instance of @iddghat appears in the same position in the
two words as an attentional error — namely, anreaiated to the deficit in ascribing letters

to words (see Section 4.1). To assess whether lettéssions in the target word indeed

mainly happened because an identical letter existéde same position in the neighboring

word, or whether they were just random omissiorestated omissions in a manner similar
to substitutions and additions.

To establish that these were indeed omissions @bubled letter rather than random
omissions, we compared the number of omissions sihgle letter that existed in the same
position in the other word with the number of orass of letters that appeared in only one
of the words. This analysis included the 630 wdits shared letters and hence had the
potential for both omission of a doubled letter amdiission of a letter that appeared in only

one of the words.

Results
As seen in Table 10, the participants significantiyre often omitted a letter that appeared in
the same position in both presented words thartter lthat appeared in only one of the

words: on average, 81% of the total number of ammssinvolved omitting an instance of a
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doubled letter. This result was significant for leat the participants and for the group. This

indicates that the omissions really resulted frodefcit in ascribing a letter to a word.

Table 10 - The number of omissions of a letter that appears in the same position in both

words compared with omissions of a letter that appears in only one of the words

Omission of a Omission of a
Participant doubled letter single letter )(2
YA 15 0 15.18***
TA 43 7 26.99***
IF 51 27 7.87**
NI 31 8 14.00***
IT 112 33 48.64***
YO 77 23 31.67***
AV 9 1 6.45%*
TW 54 21 15.44%**
GY 71 18 33.96***
NO 195 47 112.03***
Total 658 (81%) 185 T=0,p=.002

**p < .01, ¥***p <.001

During the analysis of between-word errors, we ctetba type of error that we contend is
also related to the between-word deficit. In additto the 658 simple omissions of a letter
that appeared in the same position in both word446 word pairs one instance of a letter
that appeared in both words was omitted, and andgtter took its place. In 75% of these
cases, this filler letter was a letter that existethe other presented word or in the previously
presented word; that is, significantly more oftea dbmitted doubled letter was replaced with
a letter that appeared in the neighboring words thigh a letter that did not appear in the
neighboring words. In addition, in 57 word pairdauibled letter was omitted from one word
and then another letter from the other word migratea different position and elbowed the
other letters to fill the gap caused by the omiss(@ relevant English example is the word-
pairlong bond In this pairn appears in both words in the same within-word tpmsi If then
is omitted from the first word, the sequenroeg is created, and then the lettefrom the
second word migrates to the beginning of the firstd and elbows the other letters toward
the gap, creatinglog.)

Thus, the analyses of the participants’ substitigti@missions, and additions indicate that

the source of these errors was the neighboring svord
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4.5. Which positions are most sensitive to betweert migrations?

In at least two other peripheral dyslexias, cerpaigitions in the word are more susceptible to
errors than others. Individuals with neglect dyilefil to identify the letters at one side of
the word, typically the left side (Costello and \Wagton, 1987; Haywood and Coltheart,
2001; Patterson and Wilson, 19%8yvazzi, 2003). In Hebrew, which is written fromght to
left, a left neglect dyslexia leads to neglecthsd ends of words (Friedmann and Nachman-
Katz, 2004; Nachman-Katz and Friedmann, 2007).etteit position dyslexia, the middle
letters are more sensitive to letter position esrevhereas the exterior letters are relatively
error-free (Friedmann, Dotan, and Rahamim, in préEse&dmann and Gvion, 2001, 2005;
Friedmann and Haddad-Hanna, in press; Friedmann Radamim, 2007). We were
interested in finding out whether in attentionakléyia there are specific positions in the
word that are more susceptible to between-wordatimn errors, and if so, which ones.

A study of attentional dyslexia by Mayall and Humgys (2002) indicated that their
English-speaking participant, FL, had considerabféculty with the beginning (i.e., left
side) of words. However, FL also showed signs dtir&ft neglect dyslexia in single-word
reading, and therefore it is not clear whetherdievated error rate on the left side was a
result of his attentional dyslexia or his neglegtldxia. In contrast, studies of normal reading
in English indicated that the first letter, whichk the leftmost letter in English, is less
susceptible to between-word migration, whereasfithed (rightmost) letter is the one that
migrates the most (Mozer, 1983).

It is thus interesting to find out if there arete@r within-word positions that are more
susceptible to between-word errors, and if so, idrethe vulnerability of leftmost letters
reported for FL holds also for individuals with @éepmental attentional dyslexia who do not
have neglect dyslexia in single-word reading, orethbr, like normal readers, individuals
with developmental attentional dyslexia have a émoyg toward final- or rightmost-letter
migrations. Because Hebrew is read from right fg leis also interesting to see whether
such sensitivity, if found, relates to the righdesiof the word (the beginning) or to the left
side (the end).

To assess this question, we used the 725 word paasented in the booklets (described
in Table 3). For each position, we counted the remdd migrations of the letter in this
position and divided it by the number of words ihieh migrations of this letter could be
detected. For example, for the word pacuse mousenly the migration of the first letter
could be detected.

The 725 word pairs include 344 pairs with a potdrfor first-letter migration, 503 pairs
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with a potential for middle-letter migration, an@64pairs with a potential for final- letter

migration.

Results

The results, presented in Table 11, show a vergrctbBfference between the various

positions: the final (leftmost) letter migrated rsigcantly more frequently than the letters in

the first (rightmost) and middle positions. No sfgant difference was detected between the

first and middle positions.

Table 11 - Percentage of between-word migrations of first, middle, and final letters

Participant  First Middle Final First-middle Middle-final First-final
YA 2 1 4 3.627 14.66*** 3.327
TA 1 1 6 0 17.59*** 13.63***
IF 1 0 5 2.93 25.34%*x 12.35%**
NI 6 4 10 1.06 9.31*** 3.287
IT 1 1 3 0.2 5.31* 5.58*
YO 2 3 13 0.72 30.62%** 28.92%**
AV 0 1 4 0.41 13.46*** 12.07***
TW 1 1 3 0.01 7.09** 4.84*
GY 1 2 7 1.78 17.74%*** 20.23%**
NO 3 5 8 1.64 3.247 7.72*

Average 2% 2% 6% T=24,p=.77 T=0,p=.002 T=0,p=.002

Ap<.1,*p<.05 **p< .01, ***p < 001

These data from Hebrew shed light on the sourc@refious results from English
(normal reading under short exposure conditioneyvaig that participants made more errors
in rightmost letters, which are final letters indligh. Is it a tendency to err in the final letters
or in the rightmost letters? Because in Hebrewciviis read from right to left, most of the
errors occurred in the final, leftmost letters, @am conclude that the tendency is for the final
letter to migrate, rather than the rightmost letter

4.6. Is there a length effect on between-wargrations?

Because the deficit in attentional dyslexia is rdteal in nature, it is possible that more
stimuli in the visual field yield more errors, ahdnce that longer words yield more between-
word errors. In fact, increased error rate as atfan of increased word length has been
found for some individuals with neglect dyslexigjigh is also an attention-based dyslexia
(Baxter and Warrington, 1983; Caramazza and HillB90; Cubelli and Simoncini, 1997;
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Kinsbourne and Warrington, 1962 adavas et al., 1997; Savazzi, 2003; Subbiah and
Caramazza, 2000; Takeda and Sugishita, 1995; Vgéorin 1991). However, some other
studies on neglect dyslexia found better perforrmana longer words (Costello and
Warrington, 1987Patterson and Wilson, 1990) or no length effecti(dmo et al., 2005; Ellis
et al., 1987; Haywood and Coltheart, 2001; Micalil £apasso, 2001; Worthington, 1996).
We thus tested the effect of word length on thee raf between-word errors in
developmental attentional dyslexia. To assessjnestion, we used word pairs that included
words of the same length with one or two differtatters from the booklets described in
Table 3 (the 3-, 4-, and 5-letter pairs). Thereen®Es0 three-letter word pairs, 300 four-letter
word pairs, and 150 five-letter word pairs. Forhedength, we calculated the number of
between-word attentional errors (including migrasip buffer migrations, omissions of a
doubled letter, and intrusions) and the numberwe between-word migrations out of the

number of word pairs of this length.

Results

The results, presented in Table 12, indicate ar d¢tgagth effect on both between-word

migrations and between-word errors. Longer worefdgid more between-word errors.

Preplanned (a priori) trend analyses for lineartiamts for the length effect yielded a
significant linear contrast both for the betweerraverrors,F(1,9) = 5.50,p = .04, and for
the between-word migrations(1,9) = 15.47p = .003,indicatinga constant increase in the
number of between-word errors and migrations asetion of the number of letters.

The effect of length is significant beyond the n@embf letters that can migrate. The
separate analysis of word pairs in the differengtks that differ in the same number of
letters yielded 15%, 23%, and 35% migrations fer 3h, 4-, and 5-letter words that differed
in one letter, and 29929%, and47% for the 3-, 4-, and 5-letter words that differedtwo
letters. Thus, keeping the number of letters tlaat migrate constant, the word’s length still

affects the rate of migrations.
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Table 12 - Percentage of between-word errors and between word migrations in word pairs of different lengths

Comparison Comparison Comparison
Participant 3letter 4 letter 5 letter 3-4 letters 4-5 letters 3-5 letters
Between-word errors
YA 16 16 12 0 1.27 0.99
TA 19 13 26 2.53 11.79 *** 2.32
IF 15 17 25 0 4.77 * 4.63 *
NI 20 30 47 3.387 8.9 *** 16.29 ***
IT 26 35 60 3.727 25.45 **x* 35.37 ***
YO 39 46 59 1.63 6.76 ** 11.21 ***
AV 7 8 16 0.39 6.06 * 6.5 *
™ 11 21 33 6.77** 7.61 ** 20.92 ***
GY 23 30 39 2.69 3.47 9.03 ***
NO 33 52 83 15.58%** 39.23 #*x* 76.8 ***
Average 21% 27% 40% T=3,p=.01 T=1,p=.002 T=1,p=.002
Between-word migrations
YA 7 4 5 2.29 0.11 0.95
TA 7 3 10 3.607 8.47 *** 0.67
IF 5 4 4 0.26 0.03 0.08
NI 8 11 21 0.91 4.87 * 6.6 **
IT 3 3 6 0.04 2.34 1.20
YO 12 11 18 0.18 4,72 * 2.12
AV 1 3 8 0.82 6.7 ** 7.5 **
T™W 3 4 3 0.76 0.76 0.00
GY 6 7 7 0.16 0.02 0.21
NO 7 19 10 0.14 *** 5.65 * 0.67
Average 6% 7% 9% T=19.5,p=.37 T=85p=.1 T=4.5,p=.01

Ap<.1, *p<.05, ¥*p <.01, ***p <.001

Longer words with the same number of differentletinclude more common letters and
hence might be more liable to omission of doubkdtets. And indeed, an analysis of these
errors indicated a marked increase in the numbemnagsions of doubled letters when the
word length increased: when the words in the wad giffered in a single letter, the 3-, 4-,
and 5-letter pairs yielded an average of 2%, 9% 2206 omissions of doubled letters,
respectively. A similar result was obtained for therd pairs that differed in two letters: the
3-, 4-, and 5-letter pairs yielded an average of 8%, and 18% omissions of doubled letters,
respectively. This increased omission rate mighthgemain source of the length effect in

attentional dyslexia.
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4.7. Are there errors in both horizontal and veatipresentation?

Most reports of attentional dyslexia describe hamtal migrations. Do migrations also occur
vertically, and if so, are the characteristics eftical migrations similar to those of horizontal
migrations? We made three comparisons betweendmbatty and vertically presented word
pairs, with 1, 3, or 10 spaces between the worlls.hbrizontal space sizes were 1, 3, and 10
mm; the vertical space sizes were 3, 13, and 46 . word pairs in each of these six
conditions (horizontal/verticat 1/3/10 spaces) were migratable, differed in twitets, and
included 3-, 4-, and 5-letter words of the samajtlenAll six conditions included the same
distribution of word pairs with respect to word dgim and the position of the two shared

letters.

The horizontally presented single-spaced word paére 425 pairs, taken from the general
word pair booklets (described in Table 3) accordioghe criteria described above. The
vertically presented single-spaced word pairs W@ pairs (3 of the participants read only
86 of these vertical word pairs, and 3 read 60)e Tther four lists of word pairs
(horizontal/verticalk 3/10 spacesihcluded 60 word pairs each. The stimuli in eaclhese

six conditions were presented in separate bookietls,one word pair per page.

Results

As shown in Table 13, migrations between words betveen-word errors in general
occurred at similar rates between horizontally wedically presented words. No significant
difference was found between these rates at thapglevel, and no individual showed
consistently more errors in one of the presentatiogctions.

These results indicate that between-word errorsirogt both horizontal and vertical
presentation. The results also show a decreaseanrate when the words are separated by
larger spaces--in particular in the horizontal preation, between one and three spaces.
(Findings regarding the effect that spacing anceothanipulations of the presented word
pairs had on the reading of these participantslar&led in Shvimer, Kerbel, and Friedmann,
2009.)
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Table 13 — Percentage of errors between words in horizontal and vertical presentations

1 space 3 spaces 10 spaces

Participant horizontal vertical )(2 horizontal vertical )(2 horizontal vertical xz
Between-word errors
YA 13 15 0.24 10 13 0.32 13 12 0.08
TA 20 28 2.697 17 17 0 17 18 0.06
IF 19 12 3.36" 13 28 4.09* 20 12 1.56
NI 39 27 3.087 20 10 1.18 27 13 1.67
IT 37 20 3.387
YO 56 58 0.1
AV 10 12 0.12 7 7 0 13 22 1.44
TW 24 42 8.22%** 32 32 0 32 32 0
GY 32 28 0.69 22 28 0.71 17 10 1.15
NO 58 60 0.2 42 75 13.71%** 45 70 7.67**

T =26, T=3, T=13,
Average 31% 30% p=.46 20% 26% p=.31 23% 24% p=.94

Between-word migrations

YA 5 4 0.03 2 5 1.03 3 2 0.34
TA 8 10 0.48 3 5 0.21 8 3 1.37
IF 6 4 0.53 2 5 1.03 7 3 0.7
NI 15 13 0.06 13 3 1.96 20 13 0.48
IT 5 0 1.46

YO 21 33 4.32*

AV 5 6 0.19 7 7 0 8 12 0.37
TW 4 7 0.56 8 5 0.54 7 8 0.12
GY 8 6 0.68 8 7 0.12 2 0 1.01
NO 16 20 0.73 13 18 0.56 7 17 291

T =24, T=12.5, T=14.5,

Average 9% 10% p=.38 7% 7% p=.81 8% 7% p=.64

Ap< .1, *p<.05, ¥*p < .01, ¥**p <.001

4.8. Do errors occur more frequently in one diren®

Earlier studies of normal reading of word pairsbimef exposure conditions indicated that
more migrations occur from the first to the secavamlid, that is, from left to right when

words are presented horizontally in English (Huneghret al., 1990; Mozer, 1983). We are
not aware of similar analyses for attentional dyislebut Mayall and Humphreys (2002),

who tested an English-speaking patient with atberati dyslexia, reported that he had more
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correct responses on the right than on the lefdwdnen he read both words (but, as noted
earlier, it should be mentioned that their paracipshowed signs of mild neglect dyslexia
and this could have been the source of the incdedg@culty in the left word).We thus
tested whether there is a preference for a cediagction in the between-word migrations in
developmental attentional dyslexia. The resultshinigrovide an answer to the question
whether the preference for left-to-right migration:ormal readers of English is the result of
a preferred visuo-spatial direction, irrespectiveh@ orthography, in which case readers of
Hebrew should show a tendency toward left-to-rightors as well, or whether it is a
preference for migrations in the direction of rewglidetermined by the orthography, in
which case readers of Hebrew should show more-tagtgft migrations.

The results, summarized in Table 14, indicated ithatading Hebrew, our participants
showed twice as many migrations from the right wiorthe left word (namely, from the first
to the second word) as from the left word to thghtriword. This result suggests that the
tendency for left-to-right migrations reported fosrmal readers of English by Mozer (1983)
was a result of migrations occurring mainly frore first to the second word rather than from
the left to the right word.

Table 14 — Percentage of between-word migrations from

left to right and from right to left

2

Participant  Right to left  Left to right X

YA 62 38 4.15*
TA 68 32 12.3%%x*
IF 69 31 gk*x
NI 55 45 1.24
IT 62 38 2.777
YO 70 30 27.53%**
AV 73 27 11.08***
TW 39 61 2.17
GY 68 32 12.3%%x*
NO 64 36 18.71%**
Average 63% 37% T=2,p=.003

Ap < .1, *p <.05, ¥**p <.001

A similar analysis was conducted for vertically ggeted word pairs, to test whether there
is a difference in migration rate from the top e bottom word or vice versa. We analyzed
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this question in the single-spaced booklet of tedisally presented word pairs described in
the previous section.

The results of this analysis showed no differenesvben the rate of migration from top
to bottom and the rate of migration from bottomtap for any of the participants. On the
group level, 52% (42 between-word migrations imljodf the between-word migrations were
from the top to the bottom word, and 48% (38 betwwerd migrations) from the bottom to
the top word. These rates did not differ signifitgnl = 16,p = .42.

This finding sheds light on the source of the rtgiiteft errors in horizontal presentation.
It indicates that they are not a general effeanefmory that carries over letters from the first
to the second word; rather, they are related taehding direction typical of each language,

and possibly to the patterns of attention allocatlerived from the orthography.

4.9. Similarity: Do more errors occur when the weate more similar?

Data from between-word migrations in skilled readsithout dyslexia indicate that the more
similar the words in a pair are, the more migraiatcur between them (Mozer, 1983;
McClelland and Mozer, 1986). To investigate whethes is also the case in (developmental)
attentional dyslexia, we examined three aspectsiroilarity between wordssimilarity in
length— whether more errors occur between words of #meeslength than between words
that differ in length; and aspects siiared letters- whether more errors occur when the
words share more letters, and whether certain gordtions of shared letters yield more

errors than others.

4.9.1. Similarity: Do more errors occur when therd®have the same number of letters?

To assess the effect of similarity in length on thie of between-word errors, we compared
30 word pairs that consisted of 3-letter words (th&me length migratable” word pairs in
Table 3) with 35 word pairs in which the words ditd in length (the shorter word was 2—3
letters long, the longer was 3-5 letters long, #verage length was 3.12 letters — the
“different length migratable” word pairs in Tablg 2l word pairs in this comparison were

migratable and the words in each pair had no sHattss.

Results
The results, presented in Table 15, showed nofgignt difference between the error rates
for word pairs of the same and different lengths.
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Table 15 — Percentage errors in word pairs of the same length and of different lengths

Participant Same length Different length xz

Between-word errors

YA 3 23 5.16*
TA 17 29 1.29
IF 23 9 2.7
NI 21 27 0.21
IT 23 26 0.05
YO 53 63 0.6
AV 3 3 0.01
T™W 20 11 0.91
GY 30 20 0.87
NO 50 46 0.12
Average 24% 26% T=25,p=.42

Between-word migrations

YA 0 11 3.65%
TA 7 11 0.44
IF 10 6 0.42
NI 5 9 0.22
IT 3 0 1.18
YO 30 17 1.5
AV 3 3 0.01
™ 0 3 0.87
GY 7 0 241
NO 20 23 0.08
Average 9% 8% T=26,p=.46
Ap<.1, *p<.05

4.9.2. Similarity: Do more errors occur when therdehave more shared letters?
Another important dimension of similarity betweeards is whether or not they share letters.
Shallice and McGill (1978), Mozer (1983), McClelthand Mozer (1986), and Treisman and
Souther (1986) reported that in short exposure itiond, normal readers make more
between-word migrations when the words in the wmant share more letters, and that when
the two words share no letters, the probability Bmtween-word migrations declines
considerably.

However, the existence of shared letters can workoth directions. On the one hand,

shared letters indeed increase similarity. On thHeerohand, shared letters give rise to
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invisible migrations: when the two words includee tkame letter in the same position,
migration of this letter between the words cannet detected and the words will be
considered to be read correctly whether they dgtaaé or not. (For example, in the word
pairword work the position-preserving migrationswfo, andr would go undetected.)

To test how the number of shared letters affeces rte of between-word errors in
developmental attentional dyslexia, we comparednim@ber of between-word errors and
between-word migrations in 3-, 4-, and 5-letter de&orFor the 3-letter words, we compared
pairs that share no common letter, pairs that shiaeeletter, and pairs that share two letters
(30, 60, and 90 word pairs, respectively). For4hand 5-letter words, we compared word
pairs that differ in one letter with word pairs tlthffer in two letters (there were 120 four-
letter word pairs that differed in one letter, &@0 four-letter word pairs that differed in two
letters; there were 90 five-letter word pairs ttidfiered in one letter, and 60 five-letter word
pairs that differed in two letters). All these wapdirs are taken from the 725 word pairs

presented in Table 3.

Results

The error rates for the 3-letter word pairs ares@néed in Table 16, and the error rates for
the 4- and 5-letter word pairs are presented ineTab. The results from the word pairs of all
lengths indicated that the lowest rate of betweendwerrors occurred when the words
included the largest number of common letters. Wten pairs had all but one letter in
common (i.e., when the words in the word pair détein only one letter), the fewest errors
resulted. More than one nonshared letter yieldgwifstantly more between-word errors.

These results could be partly explainedifyisible migrationsWhereas migrations of
letters that do not exist in the neighboring woat e detected, migrations of letters that are
common to the two words and appear in the sameigosiannot be detected. For example,
for the word paircat bat migrations of thea or thet cannot be detected, so in fact only a
third of the possible migrations are detected. This contrast to word pairs likeat boy in
which each migration would be detected.

Notice also that the 3-letter words that had twoewn letters (and only one different
letter) yielded significantly fewer errors than tBdetter words with one or no common
letters even though they had the highest probghitit between-word errors of the type
whereby an instance of a doubled letter is omithedeed, the word pairs with two common
letters yielded a total of 21 such omission erforg of 90 pairs per participant), significantly

more than the word pairs with one common letteiictviyielded only 6 such errors (out of 60
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pairs per participant), T = 10,= .04. Naturally, the word pairs with no shared Isttgelded

no such errors.

Table 16 — Percentage errors in 3-letter words with two, one, or no shared letters

2 common 1 common No common Comparison Comparison Comparison
letters letters letters 1-2 common 1-0 common 0-2 common
Participant (1 different) (2 different) (3 different) letters letters letters

Between-word errors

YA 11 23 3 4% 5.76* 1.63
TA 13 27 17 4.22* 1.12 0.21

IF 9 25 23 7.2%* 0.03 4.29*
NI 14 29 21 2.91A 0.36 0.53

IT 20 35 23 4.21* 1.27 0.15
YO 30 53 53 8.21%** 0 5.33*
AV 7 7 3 0 0.42 0.46
TW 8 17 20 2.837 0.15 3.487
GY 20 27 30 0.91 0.11 1.29
NO 22 48 50 11.16%** 0.02 8.40%**
Average 15% 29% 24% T=0,p=.002 T=95p=.06 T=7,p=.02

Between-word migrations

YA 4 12 0 3 3.80" 1.38
TA 3 13 7 5.3* 0.9 0.63

IF 2 8 10 3.02» 0.07 3.417
NI 5 11 5 1.17 0.56 0

IT 2 5 3 0.86 0.13 0

YO 4 23 30 12.16%** 0.47 15.21%**
AV 1 2 3 0.08 0.26 0.68
TW 0 7 0 6.16* 2.09 0

GY 3 10 7 2.847 0.27 0.63
NO 4 12 20 2.76" 1.12 7.13%*
Average 3% 10% 9% T=0,p=.001 T=20,p=.25 T=5p=.04

Ap<.1, *p<.05, **p < .01, ***p <.001
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Table 17 - The effect of number of common letters on errors in 4- and 5-letter words

4-letter words 5-letter words

1 different 2 different 1 different 2 different 2
Participant 3 common 2 common xz 4 common 3 common X
Between-word errors
YA 17 16 0.07 8 18 3.8
TA 13 13 0.04 21 33 2.8"
IF 13 19 1.60 29 20 1.5
NI 19 38 8.81%** 37 63 6.3**
IT 33 37 0.55 66 52 2.897
YO 43 47 0.44 44 80 18.77***
AV 8 9 0.18 8 28 11.32%**
TW 16 25 3.617 36 30 0.5
GY 27 32 1.06 32 48 3.94*
NO 44 58 5.35* 72 98 17.13%**
Average 23% 29% T=2,p=.003 35% 47% T=8,p=.02
Between-word migrations
YA 3 5 1.17 2 8 3.027
TA 0 6 6.9** 2 22 15.12%**
IF 1 6 4.55* 0 10 9.38%**
NI 6 15 4.35* 11 35 8.36%**
IT 0 5 6.19* 1 13 9.54%**
YO 5 14 6.74** 4 38 28.1%**
AV 1 4 2.59 2 17 10.21%**
TW 3 5 0.48 0 7 6.16*
GY 3 9 4.13* 0 18 17.81%**
NO 13 23 5.01* 3 20 11.21%**
Average 3% 9% T=0,p=.001 3% 19% T=0,p=.001

Ap <.1,*p <.05, **p < .01, ***p < 001

If we calculate error rates by the number of migrat out of the number of potentially
visible migrations (namely, out of 1 foat bat out of 2 forcat bit, and out of 3 focat boy),
rather than out of the number of word pairs, the d between-word errors in 3-letter word
pairs becomes similar for pairs with two sharetelstand one shared letter (15% and 14.5%)
and decreases for the pairs with no shared le(8%g. Even with this type of analysis,
however, there were significantly more between-wmidrations in 5-letter word pairs with
two different letters than in 5-letter word pairsttwone different letterindicating that if
anything, similarityreducesthe number of between-word migrations for indiatuwith
developmental attentional dyslexia.
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4.9.3. Clustered shared letters: Do more errorsusaghen the shared letters are adjacent?
One possible additional dimension of similaritghie proximity of the shared letters. It might
be that a larger similar chunk would create momeilarity between the words in the word
pair and hence induce more between-word errors.

To test this possibility, we compared 4-letter ratgble word pairs with two shared
letters in which the shared letters were adjaceitit, 4-letter migratable word pairs in which
the two shared letters were not adjacent, but ratbparated by one or two letteilis

yielded 90 adjacent and 90 nonadjacent pairs (ab&eT for the stimuli).

Results

Table 18 - Percentage of between-word errors in word pairs with adjacent and nonadjacent

shared letters

Adjacent shared Nonadjacent shared
Participant letters letters xz
Between-word errors
YA 13 18 0.68
TA 11 16 0.77
IF 24 13 3.637
NI 43 32 1.57
IT 43 30 3.4417
YO 40 54 3.777
AV 9 9 0
TW 21 29 1.45
GY 32 32 0
NO 59 57 0.09
Average 30% 29% T=17,p=.95
Between-word migrations
YA 2 8 2.92
TA 7 4 0.42
IF 9 2 3.817
NI 22 8 4.03*
IT 7 3 1.05
YO 13 16 0.18
AV 6 2 1.34
TW 6 4 0.12
GY 9 10 0.06
NO 26 20 0.79
Average 11% 8% T=13,p=.16

Ap<.1, *p<.05
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The results, reported in Table 18, indicated tlthacency of the common letters did not
affect the rate of between-word errors. The betweerd error rates and the between-word

migration rates were similar in the two conditions.

4.9.4. Do more errors occur when the shared letégesinterior or exterior?
The first and final letters are found to be the nrobust letters, in priming experiments as
well as in letter position dyslexia (Friedmann a@dion, 2001, 2005; Friedmann and
Rahamim, 2007; Humphreys et al., 1990; PeressudtiGrainger, 1995, 1999). Thus, words
that differ in exterior letters might be more digtdble than words that differ only in middle
letters. Are there more between-word errors whenitbrds share exterior letters than when
they share middle letters?

To explore this question, we compared 30 migratddkgter word pairs in which the first
and final letters differed and the middle lettesrevshared, with 30 migratable 4-letter word
pairs that shared the first and final letters aiffitieéd in the middle letters (see Table 3 for

the stimuli).

Results

The results, reported in Table 19, indicated thaterbetween-word migrations occurred
when the words differed in the first and final ée#t than when they differed in the middle
letters. Interestingly, the position of the shatetters seemed to affect only migrations
between words, and not the other types of betwemd-wrrors. In fact, when we examine
only the omission of doubled letters, the pictiwenverted — twice as many such omissions
occurred when the words shared exterior letter$ {880 when they shared middle letters
(17). Analysis of the 35 exterior-letter omissiondicates an overwhelming tendency to omit
the final letter, rather than the first: 33 of thesnissions involved a doubled final letter, and
only 2 the first letter. The rate of intrusions v&asilar in the two conditions.

In Section 4.5, we showed that the final letten@re susceptible to migration errors. This
is probably the reason that more migration err@supwhen the two presented words differ
in their final letter, making migrations of the dilnetters visible. In this experiment, we found
that the final letter is also the most susceptiblemission of an instance of a doubled letter,
making word pairs in which the final letter of ttveo words is identical more susceptible to
omission of the final letter. This creates the grattof more migrations between words that
differ in their final letter, and more omissionswords that have the same final letter.
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Table 19 - Percentage of between-word errors in word pairs that share exterior or middle letters

Participant Shared exterior letters Shared middle letters X

Between-word errors

YA 13 17 0.13
TA 13 13 0

IF 17 23 0.42
NI 28 37 0.35
IT 40 27 1.2
YO 60 43 1.67
AV 3 10 1.07
T™W 30 13 2.45
GY 40 30 0.66
NO 40 77 8.3***
Average 28% 29% T=19,p=.73

Between-word migrations

YA 3 7 0.35
TA 3 13 1.96
IF 0 10 3.167
NI 6 26 2.93
IT 0 7 2.07
YO 3 27 6.41*
AV 0 10 3.167
W 3 0 1.02
GY 7 10 0.22
NO 17 40 4.02*
Average 4% 15% T=2,p=.006

Ap< .1, *p <.05, ¥**p <.001

4.10. Does the lexicality of the migration resufeat error rate?

One of the main findings regarding within-word naigons in letter position dyslexia is the
effect of migratability of the target word. Whennard is migratable (namely, when letter
transposition creates another existing word, ahescase for the wordseard tired, and
cloud), more errors occur than when no lexical item ltissiuom letter migration (as in the
words computer and dyslexig. This migratability effect has been attributed toe
underspecification of letter position at the staferthographic-visual analysis (Friedmann
and Rahamim, 2007). When the letters are identifigdtheir position is underspecified, the

orthographic input lexicon retrieves a word thattchas the partial input it receives. Thus,
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when only one ordering of the letters is lexica i@the case with nonmigratable words), the
probability of correct reading is higher than whéere is more than one possible lexical
ordering. Does the lexicality of the response affetween-word migrations as well?

To test this question, we compared 180 four-letterd pairs for which each possible
position-preserving migration creates an existirmgdymigratable word pairs) with 30 four-
letter word pairs for which no between-word migvati creates an existing word
(nonmigratable word pairs). The word pairs werestakom the list of 725 word pairs (see
Table 3).

To evaluate the effect of lexicality of responsetioa reading ohonwordpairs, we also
compared the reading of 30 pairs of nonwords forckvibetween-word migrations yield
existing words (migratable pairs) with the readai@0 pairs of nonmigratable nonwords for
which none of the possible migrations yields arstxg word (nonmigratable pairs). All the

nonword pairs consisted of 3-letter words whosedfeidetter was shared.

Results
The results of this analysis, presented in Tableirficated that the rate of between-word
migrations was higher when the migration yieldeaaisting word than when it did not. This

pattern held both for word pairs and for nonworaga

Table 20 — Percentage of between-word migrations in migratable and nonmigratable word and nonword pairs

Words Nonwords

Migratable Nonmigratable Migratable Nonmigratable
Participant pairs pairs )(2 pairs pairs x?
Between-word migrations
YA 5 0 1.57 10 3 1.07
TA 6 7 0.06 10 3 1.07
IF 6 7 0.06 0 10 3.167
NI 15 5 1.34 20 10 1.18
IT 5 0 1.57 23 7 3.27/
YO 14 3 2.837 47 27 2.58
AV 4 0 1.21 17 3 2.96"
TW 5 3 0.16 3 0 1.02
GY 9 3 1.23 7 7 0
NO 23 3 6.08* 23 17 0.42
Average 9% 3% T=3,p=.01 16% 9% T=5.5,p=.02

Ap<.1, *p<.05
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Naturally, whether or not the result of migratiogtween words was lexical affected only
migration errors. There was no difference in thee raf the other types of between-word
errors between pairs of words that allow for lekioggrations and pairs that do not (20% and
22%, respectively, T = 26 = .92). In nonword pairs, there were even sigaifity more
other between word errors in the nonmigratablespdir= 4,p = .03, possibly indicating that
when the pair is migratable there is a tendengyréauce a migration error rather than other

types of errors.

4.11. Is there a difference between the readingartls and the reading of nonwords?

Some peripheral dyslexias result in different penfance in reading words and nonwords.
Many reports of reading in neglect dyslexia showrporeading of nonwords than of words
(Behrmann et al., 1990; Caramazza and Hillis, 199@ywood and Coltheart, 2001,
Patterson and Wilson, 1990; Riddoch et al., 199€xo§ et al., 1988; Worthington, 1996),
whereas reports of reading in letter position dyislshow better reading of nonwords than of
words (Friedmann and Gvion, 2001; Friedmann andaRamn, 2007).

To compare the reading of words and nonwords irldgwnental attentional dyslexia, we
presented a booklet with 30 pairs of 3-letter ntajske nonwords whose middle letter was
shared. These were compared with thep8s of 3-letter migratable words that shared the
middle letter (which were included in the list &5/word pairs described in Table 3).

Results

The results were somewhat mixed, as shown in T&dle three participants made
significantly more between-word errors on nonwomrp than on word pairs, and one
demonstrated a significant opposite tendency; tbamgdid not show a significant difference
between word and nonword pairs. An analysis of bieéween-word migrations alone
indicated a significantly higher rate of betweenrgvonigrations in nonword pairs than in

word pairs.
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Table 21 - Percentage errors in migratable words and migratable nonwords

Participant  Nonwords Words X

Between-word errors

YA 33 30 0.08

TA 13 20 0.48

IF 0 27 9.23%**
NI 23 25 0.02

IT 50 30 2.5

YO 80 43 8.53***
AV 23 3 5.19*
TW 7 17 1.46

GY 33 23 0.74
NO 87 50 9.32%**
Average 35% 27% T=16.5p=.27

Between-word migrations

YA 10 23 1.92
TA 10 13 0.16
IF 0 7 2.07
NI 20 13 0.41
IT 23 3 5.19*
YO 47 20 4.8*
AV 17 3 2.967
TW 3 3 0

GY 7 10 0.22
NO 23 17 0.42
Average 16% 11% T=13,p=.03

Ap<.1, *p<.05, ***p <.001

4.12. Are there more errors in morphological aféiers than in root letters?

Hebrew is a Semitic language, in which words angcally created from a root and a
template and often also include an inflection. Somports on another attention-based
dyslexia, neglect dyslexia, indicated that morphalal affix letters are more susceptible to
errors than are root letters (Reznick and Friedma6009). Using pairs from the list of 725
word pairs, we tested whether attentional dyslskiaws the same pattern by examining all
4- and 5-letter word pairs in which the final letti#ffered between the two words, comparing
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words in which the final letter was unequivocaigorphological in both wordsHw naw -
Sbrh Smro ‘broke-feminine kept-plural’) with words which it was a root letter in both
words (o S1o - sgol sgor ‘purple closed’). This yielded 46 wqudirs that end with an
affix letter and 155 word pairs that end with atrietter.

Results

The results indicated that for some of the paréiotp with developmental attentional
dyslexia, final letters migrated significantly mooéten when they belonged to an affix
morpheme than when they were part of the root. Thas statistically significant for 3
participants, and marginally significant for onévet participant. The fact that, at least for
some of the participants, the between-word mignatizvere sensitive to the morphological
status of the letter, indicates that morphologidatomposition occurs very early in the
course of word reading, at the stage that is aspansible for letter-to-word binding, the

orthographic-visual analyzer.

Table 22 - Percentage of between-word

migrations in morphological and root letters
2

Participant Morpheme Root X

YA 17 3 12.41%**
TA 7 5 0.17

IF 7 6 0.06
NI 8 14 0.51

IT 11 4 3.47
YO 39 14 10.03***
AV 20 5 8.65%**
TW 3 5 0.19
GY 9 6 0.37
NO 9 10 0.04
Average 13% 7% T=11,p=.1

Ap < .1, ***p < .001

* Some words, likarwan, MGSIM, are ambiguous, such that the final let@n be either part of an inflectional
morpheme or a root letter. These words were exdifiden the analysis.
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5. Discussion

The most important outcome of this study is thegrdaional dyslexia exists in developmental
form, and not only in acquired form. Additional ués of this study refer to the specific
characteristics of this dyslexia, the types of eyrmade, and the factors that affected the
participants’ reading.

The characteristics of reading in developmentanitbnal dyslexia that emerge from the
study are remarkably similar to the characteristiceeading in acquired attentional dyslexia
described in the literature (Hall et al., 2001; Mbhyand Humphreys, 2002; Price and
Humphreys, 1993; Saffran and Coslett, 1996; Steakicd Warrington, 1977; Warrington et
al., 1993), mainly with respect to the frequentwoence of between-word migrations that
preserve the within-word position of the migratiager.

One aim of this research was to explore in detel tiypes of errors individuals with
developmental attentional dyslexia make. Beyondetier type that is routinely reported for
attentional dyslexiabetween-word migratiofreadingwind file asfine wing, we identified
three additional between-word error types. One tgperror, which turned out to occur
frequently, accounting for 42% of the between-wenedrs, was themission of one instance
of a letter that appeared in the same positioroth kvords (readingport spellassort spellor
sport sel). These omissions can be explained by Leibniz’scple of Identity of
Indiscernibles (Leibniz, 1680-1684/1969; see al3d411898), which states that if two
objects have all properties in common, then theyidentical. In our case, the two instances
of p in the word pairsport spelldiffer solely in their ascription to the two word3nce the
mechanism that ascribes a letter to a word fdiks,dnly distinctive feature disappears, and
the two letters become identical in all propertisd hence might be taken to be one. This
caused the omission of one of the instances otitubled letter. One possible explanation
for the preponderance of this error type in oudsgtis that most of the word pairs we used
included several letters that appeared in the gaspective positions in the two words. This
kind of error has not been reported for previousesaof attentional dyslexia. In fact, Saffran
and Coslett (1996) even mentioned that their gpeid omitted instances of double letters
within words, but never omitted an instance of alided letter between words.

Two additional error types that characterized tkadng of the participants with
developmental attentional dyslexia in the curreatlg werebuffer migration andintrusion
Buffer migration is the same as the classic letteggration between words, except that the
letter migrates from a previously presented worat tas remained in some orthographic

buffer, rather than from a word currently in theual field. In the other error type, intrusion,
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the migrating letter does not substitute for aeleth the same position, but is rather added
next to it. For example, intrusion of the letten the word pairfleece feeyieldsfleece fleet.

A subtype of the intrusion error is tb#bowingerror, where the intruding letter also “elbows”
the other letters toward the end of the word, caputhe final letter to fall off (elbowing of the
letterl into the wordfeetin the pairfleece feetesults infleece fleg

To assess whether these substitutions (migratiems fhe neighboring word or from the
buffer), omissions (of a letter that existed in t@me position in the other word), and
additions (intrusions) were indeed between-wordrsror whether they involved a letter that
happened to occur in the other word by chance,omgpared the rate of each of these errors
that could be accounted for by the neighboring waeitth the rate expected by chance. The
findings showed unequivocally that these error®lived a letter in the same position in the
neighboring word at a rate significantly higherrtrexpected by chance, and that participants
made significantly fewer substitutions, additioasd omissions that could not be accounted
for by between-word errors.

Another finding relates to the selectivity of th#eational errors. One other type of
peripheral dyslexia that relates to the positiotetiers is letter position dyslexia. The current
study indicates that these two dyslexias, lettesitmm dyslexia, in which the encoding of
letter position within words is impaired, and attenal dyslexia, in which the ascription of a
letter to a word is impaired, can occur indepengefithe participants with developmental
attentional dyslexia had severe impairment in tetievord binding, which was reflected in a
considerable rate of between-word errors, amountorgsome of them, to more than half of
the target pairs. However, their within-word pasitiencoding was normal, as indicated by
the normal rate of letter position errors withinrd® and by the fact that their between-word
migrations overwhelmingly preserved within-word pios: 94% of the between-word
migrations preserved the within-word position oé tinigrating letterThe preservation of
within-word position in between-word migrations iis line with previous findings from
acquired attentional dyslexia (Mayall and Humphre¥802; Saffran and Coslett, 1996;
Shallice and Warrington, 1977). This dissociatibaetween impaired between-word position
encoding and intact within-word position encodifagms a double dissociation with findings
from letter position dyslexia. Friedmann and Ralmar2007) reported that at least 7 of the
11 participants with letter position dyslexia ireithstudy did not make letter migrations
between words in either vertical and horizontalspregation, although they had a severe
deficit in within-word letter position encoding antade many migrations within words. This

double dissociation indicates that the encodinigtbér position within words and the binding
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of letters to words are two separate functions.

One interesting aspect of within-word position prgation sheds light on the way the
position of letters within words is encoded. Werfduhat when a final letter migrates to a
word that has a different number of letters, it raigs according to its relative rather than its
linear position; namely, it migrates to final pamit For example, when a pair like lift is
presented, the incorrect readinges life with e migrating to the same relative position (i.e.,
final), rather than to the same linear positior.(isecond). This indicates that, in line with
previous accounts for letter position encoding (Phreys et al.,, 1990; Peressotti and
Grainger, 1995, 1999), a letter’'s position is erambdccording to its position relative to the
first and final letters.

The most frequent position from which and to whietters migrated was final position,
which, in Hebrew, is the leftmost letter. This isigar to the findings from normal readers of
English, who made significantly more migrationsfofal letters. Final position was also
more susceptible to omission of an instance ofubkal letter. In addition, more migrations
occurred from the first to the second word whenwloeds were presented horizontally, but
no difference was found between top-to-bottom aotom-to-top migrations in vertically
presented word pairs.

Another factor that was found to affect betweendverror rate was the length of the
words in the word pair. Longer words yielded moegween-word errors and more between-
word migrations, even when the number of possidile migrations (the number of letters
not shared by the two words) remained constans frtght be explained in terms of a larger
number of stimuli overloading the participant'seational resources and causing more
attentional errors.

One property of word pairs that was found to affeetrate of between-word migrations
in normal readers was the similarity between thed&an the pair. Normal readers were
found to make more errors in more similar pairs £8t9 1983; Shallice and McGill, 1978).
Our results, however, indicated that this factal ot affect the rate of between-word errors
and between-word migrations in attentional dysle&iailarity in length did not increase the
rate of between-word errors, nor did the numbdettérs shared between the two words. In
fact, the more letters the two words shared, tinefenigrations occurred. We suggested that
these findings can be partly explainedityisible migrationsWhereas it is possible to detect
migrations of letters that do not exist in the idigring word, migrations of letters that are
common to the two words and appear in the sameigosiannot be detected. For example,

for the word paicome homemigration of theo, m, or e would go undetected, so in fact only
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a fourth of the possible migrations can be deteci&ds is in contrast to word pairs that do
not share letters or share fewer letters, in whre migrations could be detected. These
invisible migrations might also account for thediimg that more between-word migrations
occurred when the words shared middle letters taen they shared exterior letters. Given
that the final letter is the one that migratesrtiwst, then when the final letter is shared, most
migrations are invisible, causing a seemingly loeeor rate. Notice that even if we control
the number of invisible migrations, and calculdte rate of migrations only out of the
number of letters that can visibly migrate, morarsl letters still do not increase migration
rate, in contrast with the findings from normaldegs. Davis and Coltheart (2002) noticed
that FL, the patient described by Mayall and Huneghr(2002), also did not show an effect
of similarity, and they ascribed this differencavieen the patient with attentional dyslexia
and the normal readers to the different sourcettehtional errors in the two populations:
whereas the deficit in attentional dyslexia resfiitsn a deficit at the orthographic-visual
analyzer, between-word migrations in the readingrompaired readers under short exposure
conditions result from activation of two items imetorthographic input lexicon. Thus, the
lack of similarity effect in our participants cams@ be interpreted as indicating an early
deficit, at the orthographic-visual analyzer.

The lexicality of the target word pair and of theggration result did have an effect on the
rate of between-word migrations. More migrationswoed between nonwords than between
words, and more between-word migrations occurreénmte result of migration was an
existing word, both for word pairs and for nonwgairs. The lexicality effect on migrations
is in line with findings from acquired attentiondyslexia: Saffran and Coslett (1996) and
Hall et al. (2001) reported that their patientshwatttentional dyslexia made more errors in
nonwords than in words, and Saffran and Coslet®?§1@lso reported that fewer migrations
occurred when the migration result was not an iegjstord. Similar findings were reported
for normal readers in conditions of limited expasuhey also showed lexicality effects, with
more migrations between nonwords, especially whennigration result was an existing
word (McClelland and Mozer, 1986; Treisman and Beyt1986). Similar results were also
reported for within-word migrations in letter pasit dyslexia: more within-word migrations
occur when the migration creates an existing wdrantwhen the migration creates a
nonword (Friedmann and Gvion, 2001; Friedmann aaldafim, 2007).

The effect of lexicality of the erroneous responmsght also be responsible for attentional
dyslexia being more easily detectable in Hebrew ihaother languages. The morphological

and orthographic structure of Hebrew creates a dernse orthographic neighborhood in
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which many single-letter substitutions, omissions, additions (which can result from

between-word migrations) create existing words.tharmore, a morphological letter that
migrates to the corresponding position in the otlverd has a better chance of creating
another existing word, as it moves to a positioat tiypically hosts morphological letters.

This enhanced probability that between-word emvaliscreate existing words might yield an

elevated error rate in Hebrew compared with othegliages.

Relatedly, an effect of the morphological statustted migrating letter was found for
some of the participants: they made more migratimketters that were part of the affix
morpheme than of letters that belonged to the rblois finding joins a similar finding from
acquired neglect dyslexia, according to which moeglect errors occur in letters that
belonged to a morpheme than in root letters (Ré&zarma Friedmann, 2009), in indicating
that some morphological decomposition occurs aly ear the orthographic-visual analysis
stage.

These results regarding the existence of develofhattientional dyslexia thus join a
growing body of evidence for the existence of spbsyof developmental dyslexia, each
showing striking similarity to the respective sytdg of acquired dyslexia. Such dyslexia
subtypes have been reported for other developmgmalpheral dyslexias, including
developmental letter position dyslexia (Friedmand &laddad-Hanna, in press; Friedmann
and Rahamim, 2007) and developmental neglect dgsigtiedmann and Nachman-Katz,
2004; Nachman-Katz and Friedmann, 2007). Subtypesrdral dyslexia were also found in
developmental forms, including developmental swfdgslexia (Broom and Doctor 1995a;
Castles et al., 2006; Castles and Coltheart, 19936; Coltheart et al., 1983; Friedmann and
Lukov, 2008; Judica et al., 2002; Masterson, 20@nple, 1997, 2006; Valdois et al., 2003),
developmental phonological dyslexia (Broom and Dnci995b; Howard and Best, 1996;
Temple, 1997; Temple and Marshall, 1983; Valdoisakt 2003), developmental direct
dyslexia (Castels, Crichton, and Prior, this volui@ésser et al., 1997), and developmental
deep dyslexia (Stuart and Howard, 1995; Siegel,519Bemple, 1988, 2003). For a
comprehensive survey of this literature, see Bransdt al. (2002); Castles et al. (1999,
2006); Castles and Coltheart (1993); and Templé7)L9

Clearly, a single deficit will not be able to acobdor such variety of developmental
dyslexia subtypes. This variety naturally falls &tdm an approach ascribing each type of
developmental dyslexia to a deficit in a differeadmponent of the dual-route model of
reading, similarly to subtypes of acquired dyslex@astles et al., 2006; Castles and
Coltheart, 1993; Coltheart et al., 1983; MarshaB84; Temple, 1997). Under such an
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account, developmental attentional dyslexia woulel #&scribed to a deficit in the
orthographic-visual analysis system, in the ortapfrc-attentional function responsible for

setting the attentional window to a single word amdling letters to words.
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